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ABSTRACT 


The entrance of the Chesapeake Bay and the Atlantic Ocean in the 
vicinity of Cape Charles and Cape Henry were surveyed to study the 
bottom morphology and sediments, and subbottom structure, in an effort 
to locate suitable sand deposits in volumes great enough to economi- 
cally restore and periodically nourish the shore. Seismic reflection 
profiles and sediment cores were the basis for the study. Field and 
laboratory techniques used for the profiles and sediment obtained from 
the sea floor in lower bay and ocean are presented. Most of the study 
area is less than 35 feet deep; distribution of shallow bay-and inshore 
terraces and deeper water are shown in the figures. The study included 
analyses of borings taken along the route of the Chesapeake Bay Bridge 
Tunnel by the Bridge Commission in 1960 and 1961. Cores obtained for a 
dredging study by the Norfolk District, Corps of Engineers, 1970, were 
made available and were used in the study. 


FOREWORD 


This report is one of a series which will describe results of the 
CERC Inner Continental Shelf Sediment and Structure (ICONS) Study, pre- 
viously referred to as the Sand Inventory Program. 


Edward P. Meisburger, a CERC geologist, prepared the report under 
the direction and supervision of Dr. David B. Duane, Chief of the 
Geology Branch. As part of the research program of the Engineering 
Development Division the ICONS Study is under the general supervision 
of Mr. George M. Watts, Chief of the Division. The field work for the 
study was done by National Engineering Science Company (NESCO) under 
contract (DACW 65-68-0001) funded by CERC but awarded and administered 
by the Norfolk District, Corps of Engineers. 


Cores taken during the field program are stored at the Smithsonian 
Institution Oceanographic Sorting Center (SOSC), Washington, D. C. 20390. 
Microfilm of the seismic profiles, the 1:80,000 navigational plots, and 
other ancillary data are stored at the National Oceanographic Data Cen- 
ter (NODC), Rockville, Maryland 20852. Requests for information rela- 
tive to these items should be directed to SOSC or NODC. 


At the time of publication Lieutenant Colonel Don S. McCoy was 
Director of CERC; Thorndike Saville, Jr. was Technical Director. 


NOTE: Comments on this publication are invited. Discussion will be 
published in the next issue of the CERC Bulletin. 


This report is published under authority of Public Law 166, 79th 
Congress, approved July 31, 1945, as supplemented by Public Law 172, 
88th Congress, approved November 7, 1963. 
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GEOMORPHOLOGY AND SEDIMENTS 
OF THE 
CHESAPEAKE BAY ENTRANCE 


by 


Edward P. Meisburger 


Section I. INTRODUCTION 
ils Background 


Ocean beaches and dunes constitute a vital buffer zone between the 
sea and coastal areas and provide at the same time much needed recrea- 
tion areas for the public. The construction, improvement, and main- 
tenance of beaches through the artificial placement (nourishment) of 
sand on the shore is one of several protection methods. This technique 
has gained prominence in coastal engineering largely as a result of the 
successful program initiated at Santa Barbara, California, in 1938 
(Hall, 1952). 


Where the specified plan of improvement involves shore restoration 
and periodic nourishment, large volumes of sand fill may be involved. 
In recent years it has become increasingly difficult to obtain suitable 
sand from lagoons or inland sources in sufficient quantities and at an 
economical cost for beach fill purposes. This is due to increased land 
value, diminution and depletion of previously used nearby sources, and 
added cost of transporting sand from areas increasingly remote. Materi- 
al composing the bottom and subbottom of estuaries, lagoons, and bays, 
is often too fine-grained and not suitable for long-term protection. 
While the loss of some fines is inevitable as the new beach sediment 
seeks equilibrium with its environment, it is possible to estimate the 
Stability of the beach fill, and keep the loss to a minimum through se- 
lection of the most suitable fill material (Krumbein and James, 1965). 


The problem of locating a suitable and economical sand supply led 
the Corps of Engineers to a search for new unexploited deposits of sand. 
The search focused offshore with the intent to explore and inventory 
deposits suitable for future beach fill requirements, and subsequently 
to develop and refine techniques for transferring offshore sand to the 
beach. The exploration program is conducted through the U. S. Army 
Coastal Engineering Research Center (CERC). An initial phase in develop- 
ing techniques for transferring offshore sand to the beach is described 
by Mauriello (1967). 


Formerly called the sand inventory program, it was begun in 1964 
with a survey off the New Jersey Coast. Subsequent surveys included 
the inshore waters off New England, New York, Florida, Maryland, and 
parts of Delaware and Virginia. Recognizing the broader application of 


the information collected in the conduct of the research program toward 
the CERC mission, especially in terms of Continental Shelf structure 
(Meisburger and Duane, 1969), Continental Shelf Sedimentation (Field, 
Meisburger and Duane, 1971), and its potential application to histori- 
cal geology and engineering studies of the shelf, the sand inventory 
program is now referred to as the Inner Continental Shelf Sediment and 
Structure Program (ICONS). 


Phe Field and Laboratory Procedures 


The exploration phase of the ICONS program uses seismic reflection 
profiling supplemented by cores of the marine bottom. Additional sup- 
porting data for the studies are obtained from USC&GS hydrographic boat 
sheets and related published literature. Planning, and seismic-reflec- 
tion profiling, coring, positioning, and analysis of sediment obtained 
in the cores are detailed in Geomorphology and Sediment Characteristics 
of the Nearshore Continental Shelf, Mtami to Palm Beach, Flortda (Duane 
and Meisburger, 1969). However, a brief description of techniques is 
germane to this paper and follows. 


a. Planning - Survey tracklines were laid out by the CERC Geology 
Branch staff in either of two line patterns: grid and reconnaissance 
lines. A grid pattern (line spacing about 1 statute mile) was used to 
cover areas where a more detailed development of bottom and subbottom 
conditions was desired. Reconnaissance lines are one or several con- 
tinuous zigzag lines followed to explore areas between grids, and to 
provide a means of correlating sonic reflection horizons between grids. 
Reconnaissance lines provide sufficient information to show the general 
morphologic and geologic aspect of the area covered, and to identify 
the best places for additional data collection. 


Selection of core sites was based on a continuing review of the 
seismic profiles as they became available during the survey. This 
procedure allowed core-site selection based on the best information . 
available; it also permitted the contractor to complete coring in one 
area before moving his base to the next area. 


b. Seismic Reflection Profiling is a technique in wide use for 
delineating subbottom structures and bedding planes in sea floor sedi- 
ments and rocks. Continuous reflections are obtained by generating 
repetitive high-energy, sound pulses near the water surface and record- 
ing "echoes" reflected from the bottom-water interface, and subbottom 
interfaces between acoustically dissimilar materials. In general, the 
compositional and physical properties which commonly differentiate sedi- 
ments and rocks also produce acoustic contrasts. Thus, an acoustic 
profile is roughly comparable to a geologic cross section. 


Seismic-reflection surveys of marine areas are made by towing 
sound-generating sources and receiving instruments behind a survey 
vessel which follows predetermined survey tracklines. For continuous 


profiling, the sound source is fired at a rapid rate, and returning 
signals from bottom and subbottom interfaces are received by one or more 
hydrophones. Returning signals are amplified and fed to a recorder 
which graphically plots the two-way signal travel time. Assuming a 
constant velocity for sound in water and shelf sediments, a vertical 
depth scale can be constructed to the chart paper. Horizontal location 
is obtained by frequent navigational fixes keyed to the chart record by 
an event marker, and by interpolation between fixes. 


A more detailed discussion of seismic profiling techniques can be 
found in a number of technical publications (Miller et al., 1967; 
Ewing, 1963; Hersey, 1963; and Moore and Palmer, 1968). 


Geophysical work for the present study was accomplished with a 
seismic system using compressed air as a sound energy source. Two "air 
guns'"' were used simultaneously during the survey. A low energy, high 
resolution gun source with a 1l-cubic-inch chamber was used to produce a 
signal which provides good resolution but limited penetration. . Returns 
from this source were recorded directly on 8-inch-wide electronsensitive 
paper using a recorder sweep speed of 125 milliseconds. The second gun 
had a 3-cubic-inch chamber, and its returns were recorded on magnetic 
tape and later played back through a recorder for display on 19-inch- 
wide recorder paper. The latter source provides greater penetration, 
but resolution is reduced because of its longer pulse time. 


c. Coring Techniques - A pneumatic vibrating hammer-driven coring 
assembly was used for obtaining cores from the survey area. The appa- 
ratus consists of a standard core barrel, liner, shoe and core catcher 
with the driver element fastened to the upper end of the barrel. These 
are enclosed in a self-supporting frame which allows the assembly to 
rest on the bottom during coring, thus permitting limited motion of the 
support vessel in response to waves. Power is supplied to the vibrator 
from a deck-mounted air compressor by means of a flexible hoseline. 
After the core is driven and returned, the liner containing the cored 
material is removed and capped. 


d. Processing - Seismic records are analyzed to establish the 
principal bedding or structural features in upper subbottom strata. 
After preliminary analysis, record data is reduced to detailed cross- 
section profiles showing all reflective interfaces within the subbottom. 
Selected reflectors are then mapped to provide areal continuity of 
reflective horizons considered significant because of their extent and 
relationship to the general structure and geology of the study area. 

If possible, the upper mapped reflector is correlated with core data 
to provide a measure of continuity between cores. 


Cores are visually inspected and logged aboard ship. After de- 
livery to CERC, these cores are sampled by drilling through the liners 
and removing samples of representative material. After preliminary 
analysis, a number of representative cores are split to determine 


details of the bedding. Cores are set up for splitting on a wooden 
trough. A circular power saw mounted on a base which is designed to 
ride along the top of the trough is set to cut just through the liner. 
By making a cut in one direction and then reversing the saw base and 
making a second cut in the opposite direction, a 120-degree segment of 
the liner is cut. The sediment above the cut line is then removed with 
a spatula, and the core is logged, sampled and photographed. 


Samples from cores are examined under a binocular microscope, and 
described in terms of gross lithology, mineralogy, and the type and 
abundance of skeletal fragments of organisms. 


‘Sis Scope 


Continuous marine seismic reflection profiles and sediment cores 
were obtained by the contractor for an area of sea floor lying in lower 
Chesapeake Bay and the Atlantic Ocean in the general vicinity of Cape 
Charles and Cape Henry (Fig. 1). The exploration program consisted of 
a detailed survey covering 180 square miles in the Chesapeake Bay En- 
trance area adjacent to the Capes and a reconnaissance survey of the 
nearshore continental shelf off the southern Virginia Coast between 
Cape Henry and False Cape. Only that portion of the survey covering 
the Chesapeake Bay Entrance is reported in detail. (A report on the 
reconnaissance area will be made in the future when sufficient addi- 
tional data is available for adequate analysis.) 


During field operations, 290 statute miles of shallow and medium 
penetration seismic reflection survey of the bottom and subbottom under- 
lying the report area were obtained (Figs. 2a. and 2b.). A total of 
sixty-one 4-inch diameter sediment cores up to 20 feet long were taken 
in the survey area by a pneumatic vibrator-hammer type coring apparatus. 
Additional data was obtained in 1970 from similar cores collected by 
the Norfolk District of the Corps of Engineers for a dredging survey. 


Figure 1. 
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Map of the Chesapeake Bight region showing coverage 
of the Chesapeake Bay Entrance ICONS survey. 
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Figure 2a. Geophysical track lines and core locations for 
the Chesapeake Bay Entrance survey grid. 
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Figure 2b. Geophysical track lines and core locations for the 
Virginia Beach reconnaissance survey. 


Section II. HYDROGRAPHY AND GEOLOGY OF THE STUDY AREA 


We Hydrography 


The Chesapeake Bay Entrance study area encompasses shallow portions 
of lower Chesapeake Bay and adjacent inshore sand flats in and around 
the bay entrance (Fig. 1). Most of this area lies under less than 35 
feet of water. Deeper waters occur in the channels and closed depres- 
sion in the lower Bay, and on the shelf seaward of the inshore flats 
and shoals. : 


Figure 3 shows the gross morphology of the bottom, (distribution 
of shallow bay and inshore terraces and deeper waters). The division 
between the main flats and deeper waters (which generally falls at 
around -30 to -36 feet MLW) is drawn at the top of the slope. Locally 
the slope is so gentle that the break is indefinite; here the dividing 
line was arbitrarily drawn at -33 feet MLW. 


Although open water extends across Chesapeake Bay from Fisherman 
Island off Cape Charles to Cape Henry 10 nautical miles southward, the 
main inlet channel is less than 2 nautical miles wide. This channel is 
roughly in the form of a curved rectilinear depression with maximum 
depths of around 90 feet at MLW, and it is partially closed at both 
ends where the depth decreases to about 45 feet. Maximum depths in this 
channel occur NNE of Cape Henry. From this point the channel curves 
southeastward (and ends) about 5 nautical miles southeast of the Cape. 
West of Cape Henry, the main inlet channel terminates off Lynnhaven 
where it subdivides into three smaller and shallower channels: Thimble 
Shoals Channel leading westward to Hampton and Norfolk; Chesapeake 
Channel leading northward into middle and upper Chesapeake Bay; and a 
small channel leading a short distance WSW into Lynnhaven Roads. 


Cape Henry is steep-to and closely borders the deep water in the 
main inlet channel. Southward from Cape Henry the Virginia shore is 
bordered by a terrace-like flat at about -25 to -30 feet MLW. West of 
Cape Henry within the study limits the south Bay shore is fronted by a 
gently sloping bottom of sand, silt and sandy silt, extending north to 
Thimble Shoals Channel. A sandy flat called Tail of the Horseshoe lies 
between Thimble Shoals Channel and Chesapeake Channel. This flat-topped 
shoal is triangular with the apex at the confluence of the two flanking 
channels with the main inlet channel. 


The most extensive sand terrace of the study area borders Cape 
Charles. On the Bay side this terrace extends west and south as far as 
Chesapeake Channel; on the ocean side, inshore flats extend up to 6 nauti- 
cal miles seaward and are prolonged further over the shelf by linear 
northeast-trending ''finger" shoals. 


South of Cape Charles the bay and ocean flats extend to within 2 


miles of Cape Henry. Here a lobe of the flats projects along the flank 
southeast for about 7 nautical miles. 
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Figure 3. Gross morphology of the bottom in Chesapeake Bay 


Entrance area. Soundings are in feet. 
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The Cape Charles terrace is characterized by numerous secondary 
morphological features, among which linear shoals and semi-closed 
depressions are most common. These linear features have been related 
to the tidal current pattern by Ludwick (1970). 


Tides in Chesapeake Bay Entrance are semidiurnal with a mean range 
of around 3 feet and spring range of 3.5 feet. On the outer coast of 
Virginia, adjacent to the Bay Entrance, mean and spring ranges are 
about 3 and 4 feet respectively (U. S. Dept. of Commerce, 1971). 


Tidal currents in the Bay Entrance vary in velocity from place to 
place, but are generally between 1 and 2 knots maximum on both flood 
and ebb flow as measured at the surface. (U. S. Dept. of Commerce 
1967, Haight, Fennegan and Anderson 1930, Haight 1942, Ludwick 1970.) 


Nontidal circulation in Chesapeake Bight (Cape Henlopen, Delaware 
to Cape Hatteras) has been reported by Harrison et al (1967) from 
drifter studies. Their study shows that bottom drifters set out on 
the shelf at less than 40 n. miles offshore tend to drift shoreward and 
that there is a pronounced tendency for seabed drifters to travel toward 
and even enter Chesapeake Bay. 


Waves on the open coast south of Cape Henry as measured by the CERC 
wave gage at Virginia Beach are less than 3 feet high more than 90 per- 
cent of the time. Most of the Bay Entrance is open to easterly waves 
from offshore and to waves generated within the lower Bay which may 
reach heights of over 4 feet especially with northerly winds. 


ake Geologic Setting 
a. Regional Aspects 


The Chesapeake Bay study area lies within the Atlantic Coastal 
Plain Province. Basement rock underlies the area at depths greater 
than 2,000 feet (Ewing, et al, 1937, Cederstrom 1945, Richards 1967). 
The basement is overlain by a succession of sediments and sedimentary 
rocks of the Potomac group (Cretaceous); Pamunky group (Eocene), 
Chesapeake group (Miocene) and a variety of Pleistocene age deposits 
collectively called the Columbia group (Cederstrom 1945) (Table 1). 
Recent deposits consisting largely of marine, estuarine and littoral 
sand, silt and clay are confined to submerged and coastal portion of 
the report area. 


Miocene beds - the oldest of those with direct pertinence to this 
study - exceed 600 feet in thickness regionally and consist of layers 
of sand, gravel, diatomite and shells (Cederstrom 1945, Sinnott and 
Tibbitts 1954, 1957; Harrison et al, 1965; Richards 1967). The Miocene 
section in southeastern Virginia is divided into four formations: the 


AGE AND GROUP 


Holocene 


Pleistocene 
(Columbia 
Group) 


Pliocene or 
early 
Pleistocene 


Pliocene 


Miocene 
(Chesapeake 
Group) 


TABLE 1 
Miocene and Post Miocene 
Stratigraphic Column 
Southeastern Virginia 


FORMAT ION ELEVATION TO LITHOLOGIC 
TOP (FEET) CHARACTER 
Undifferen- 
tiated Dune and beach, sand, 
alluvium, lagoon silt 
and clay 
Dismal Swamp +5 Fresh water peat, clay 
and sand 
Sandbridge -25 Sand, clay and silt 
Londonbridge -17 Lagoonal silt and clay, 


beach sand and gravel 


Kempsville -2 Beach sand, gravel and 
shell, lagoonal peaty 
clay 

Norfolk -35 Beach sand and gravel, 


lagoonal fluvial and 
estuarine clay and sand 


Great Bridge -45 Sand gravel, peat, clay 
and silt 

Elberon +45 Lagoonal clay and silt 
littoral sand 

Bacons Castle +30 Fluvial and flood plain 
fine silt, gravel, clay, 
fine sand 

Sedley -5 Marine clay, silt and 
fine sand 

Yorktown -30 to -160 Marine clay, silt, sand 

St. Marys shells 

Choptank insufficient 


Calvert data 


basal Calvert and, in ascending order, the Choptank, St. Marys and 
Yorktown. These formations do not crop out in or near the Bay Entrance 
area, and consequently are known only from wells and engineering soil 
borings. Because of apparent lithologic variability within formational 
boundaries and the sparse data available from wells, lithologic cri- 
teria for identifying these Miocene formations from well samples are 
not well established. Difficulties also exist in clearly defining 
paleontologic criteria (Sinnott and Tibbitts 1957, Harrison and others, 
1965, McLean, 1966); consequently the Chesapeake group formations are 
largely undifferentiated in well logs. 


In the eastern shore counties of Virginia (southern end of Delmarva 
Peninsula) the Miocene and post-Miocene contact has been shown by 
Sinnott and Tibbitts (1955 § 1957) to lie generally less than 100 feet 
below sea level. Across the Bay Entrance, on the southeast Virginia 
coastal plain Miocene sediments have generally been thought to lie no 
deeper than 100 feet below sea level (Cederstrom 1945, Oaks § Coch 1963, 
Oaks 1964). Rogers and Spencer (1968), however, believe-that Pleisto- 
cene deposits extend to 200 feet below sea level under the coastal 
plain directly south of the study area. 


Pleistocene sediments of the Virginia coastal plain are collec- 
tively called the Columbia group. Subdivision of the group has until 
recently been based largely on topographic expression of the deposits 
which occur in a series of step-like terraces. Columbia group sedi- 
ments are rarely differentiated in well samples because lithological 
and paleontological criteria are not defined. 


Recently Oaks and Coch (1963) re-defined the morphologic and 
stratigraphic units of the Pleistocene Columbia group and pre-Columbia 
post-Yorktown section of the southeastern coastal plain of Virginia 
(see also Oaks 1964 and Coch 1965 for detailed studies and revisions). 


Pleistocene units recognized by Oaks (1964) east of Suffolk Scarp 
and pertinent to this study are in ascending order: Great Bridge, 
Norfolk, Kempsville, Londonbridge and Sandbridge formations. All but 
the Sandbridge formation appear to have been deposited at relative sea 
levels higher than the present level. 


b. Bay Entrance Study Area 


Strata underlying Chesapeake Bay Entrance are known primarily 
from a series of exploratory borings along the route of the Chesapeake 
Bay Bridge Tunnel crossing from Cape Charles to Chesapeake Beach. Logs 
of these borings (Chesapeake Bay Bridge and Tunnel Commission 1960-1961) 
and studies of the boring samples and data by Harrison (1963), Harrison 
et al (1965) and McLean (1966) have established the characteristics and 
probable age of sedimentary units underlying the Bridge Tunnel. 


A generalized profile of the Bridge-Tunnel route compiled from the 
borings and published studies is included in Figure 4. Sedimentary 
units have been generalized on the basis of gross lithology and age. 
The letters used to identify sedimentary units on Figure 4 and in the 
text are the same used on the Bridge Tunnel boring logs to identify 
these major sediment types. Subscripted numerals used on the logs to 
identify interunit variations of lithology and soil properties have not 
been used here. 


Although the Bridge-Tunnel borings show a complex and diverse 
stratigraphy in detail, three main sedimentary bodies can be recognized. 
These bodies are continuous and lie in a vertical sequence. The lower- 
most body consists of greenish gray compact sand and sandy clay usually 
containing some silt and shells. The clay (Unit F) is generally upper- 
most, but also appears below and interbedded with the sand (Unit G). 
Standard blow counts (i.e., number of 140 pound hammer drops of 30 
inches needed to drive a 2-inch outside diameter, split-spoon sampler 
1-foot) are generally higher in the F-G units than in overlying bodies 
and usually range from 10 to 25 in the clayey unit (F) and 30 to 100 in 
the sandy unit (G). Studies by Harrison (1963), Harrison et al (1965) 
and McLean (1966) show that the F-G sediments are of Miocene age. 


The surface of the F-G sediment body has been deeply eroded, pre- 
sumably by fluvial processes during a lower relative stand of the sea 
(Figure 6). Deposited over the old erosion surface is a soft gray 
silty clay to sandy silt (Units B&C). The lower part of the soft gray 
sediment is usually silty clay (Unit C) and the upper part a sandy silt 
(Unit B). In contrast to the underlying sediment, this material is 
characterized by its low bearing strength - standard blow counts rarely 
exceeded 5 blows per foot anywhere in the unit. 


Units B and C occur along almost all of the Bridge-Tunnel route. 
At the south end (off Chesapeake Beach) the B-C sediment unit is re- 
placed by a sand possibly similar to but probably not directly related 
to the A Unit described below. At the north end of the Bridge-Tunnel 
route the stratigraphic position of the B-C units is occupied by a 
complex set of localized lenses of sand, silt, and clay. The B-C sedi- 
ment pinches out over highs in the underlying greenish-gray sediments 
and has possibly been eroded by recutting in the deep Channel A under 
Fisherman Island. Dates on samples within the underlying B-C unit show 
that these sediments were deposited in shallow marine and fresh water 
environments during the Holocene transgression. (Harrison et al 1965, 
Maynard Nichols personal communication and faunal studies of McLean 
1966, Nelson 1969) 


Fine well-sorted gray sand of very uniform appearance (Unit A) 
overlies the entire sequence between Fisherman Island and Thimble 
Shoals Channel. This is the characteristic surface sediment of the 
Bay Entrance area, and it occurs in the majority of cores obtained for 
this study. At the Bridge-Tunnel the sand is quite variable in shear 
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strength as indicated by a wide range of blow counts both from boring 
to boring and in places within the same bore hole. In general, however, 
standard blow counts average 10 to 20 in this unit. 


Two, more restricted, units occur in the Bridge-Tunnel section. 
Both appear between the greenish-gray sediment (F§&G) and the overlying 
soft, gray sediments. One of these is a peat (Unit D); the other is a 
coarse, iron-stained sand (Unit E). Except for isolated patches, these 
units are concentrated in the area south of Chesapeake Channel. There 
is no clear evidence that one overlies the other at any point; both 
apparently occupy the same stratigraphic horizon. However, for reasons 
discussed later, they are not believed to be time equivalents. 


So Shallow Subbottom Structure and Bedding 


Two distinct patterns of bedding are evident in the 300-foot 
section of subbottom strata covered by CERC seismic reflection records. 
In the lower part of the records, the reflector surfaces tend to be 
continuous, smooth, parallel to sub-parallel and dip very gently in a 
predominant east to southeast direction. Strata overlying this more or 
less uniformly bedded section tend to be discontinuous. Truncations 
and fadeout of reflector surfaces, secondary bedding between primary 
reflectors, and erosional features commonly occur in this section 
throughout the study area. 


A buried erosion surface continuously underlies the entire study 
area. This surface is characterized by a number of deep channels, 
probably of fluvial origin, crossing the Bay Entrance area in a north- 
west to southeast direction, and a large channel trending east-west 
along the southern margin of the area. In places, the erosion surface 
divides the distinctively bedded upper and lower subbottom sections; 
elsewhere it lies within the upper sections. 


The impression of complexity afforded by acoustic reflections in 
the upper section is verified in the western part of the study area by 
borings for the Chesapeake Bay Bridge Tunnel. These borings show fre- 
quent discontinuity in the lithologic and physical properties of sedi- 
ments at similar depths, albeit gross lithology is more regular 
(Chesapeake Bay Bridge Tunnel Commission (1960-61), also see Harrison 
(1963), McLean (1966). In general, the complexly bedded section shown 
in records at and near the Bridge-Tunnel correlates with sediment 
units A,B,C,D, and E of the Bridge-Tunnel borings (Figure 4), while the 
lower evenly bedded section correlates with the F and G units. These 
latter units have been identified as Miocene age sediments by Harrison 
(1963), Harrison et al (1965), and McLean (1966). 


The general structural trend of strata contained in the evenly bed- 
ded lower section of the records is illustrated by the map in Figure 5. 
This map shows contours on a prominent reflecting surface within the 
lower section. Other reflectors within the evenly bedded section 
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Figure 5. Contours on a reflector within the presumed Miocene section 
underlying the study area. 


more-or-less parallel the key reflector. Since the key reflector dips 
below record coverage at the south margin of the entrance area grid 
lines (Figure 2), it is too deep to appear on records from the recon- 
naissance area off Virginia Beach. A hypothetical position of this 
reflector in the reconnaissance area was constructed by selecting a 
higher reflector within the evenly bedded section from records near the 
south margin of the grid, mapping this higher reflector through the 
reconnaissance area to the south, and applying the depth difference 
between the higher and lower reflector measured in the area of overlap. 


The major erosion surface is sharply defined in places by a strong 
reflector; however, in many areas it can only be approximated because 
of masking by overlying reflectors or deficient acoustic contrast across 
the boundary. Despite these deficiencies enough information is avail- 
able for tentative mapping (Fig. 6). This mapped system may be con- 
tinuous with the ancient drainage system described by Hack (1957), 
Harrison (1963), and Harrison et al (1965). 


The largest channel (Channel A, Figure 6) is believed to be con- 
tinuous with the presumed ancestral Susquehanna, described by Harrison 
et al (1965) from the region just north and west of the study area. 
The maximum depth of the thalweg in this valley is not clear because 
the central portion of the valley is obscured on reflection records. 
This is due to an acoustically opaque stratum which lies above and 
apparently follows the thalweg. Unless a gorge exists below the 
opaque layer the maximum projected depth is probably less than -200 ft. 
MLW. In this connection, Beckmann, Drake and Sutton (1961) concluded 
from seismic reflection data at the Bridge-Tunnel crossing that no 
channels in the subbottom extended deeper than -150 feet; Harrison 
et al (1965) found channeling to a depth of -160 feet MLW below the 
Bridge-Tunnel, and McLean (1966) indicates that Pleistocene sediments 
reach a depth of at least -185 feet MLW off Fisherman Islands. 


Two other channels (B and C) flank and roughly parallel the course 
of Channel A. Channel B is separated from Channel A by a low divide 
rising to about -90 feet MLW. Channel C to the east is separated from 
Channel A by a high broad divide rising to -50 feet MLW. Both Channels 
B and C have maximum thalweg depths of around 120 to 130 feet within 
the study limits. 


A fourth channel (D) crosses under the Bridge-Tunnel near its 
south terminus at Chesapeake Beach. This channel has a thalweg depth 
of -130 feet MLW and was considered by Harrison et al (1965) as pos- 
sibly an ancestral channel of the James River. Because of the sonic 
attenuation attributed to organic content in a thick silt blanket 
covering most of Lynnhaven Roads, subbottom reflections were not 
obtained on most of the seismic profiles covering the study area south 
of Thimble Shoals Channel. As a consequence alignment of Channel D 
east of the Bridge-Tunnel has been inferred largely from core and 
boring eVidenence. Channel D appears from the Bridge-Tunnel borings 
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the study area. 


to have cut through sediment unit E and well into the underlying F-G 
units. Several cores in Thimble Shoals Channel recovered material at 
less than -60 feet MLW associated with the E unit and two (C 34 and 

C 42) penetrated to an underlying silty sediment regarded as probably 
continuous with the F-G unit. On this basis and support from the 
Bridge-Tunnel data, a high in the erosion surface near Chesapeake 
Channel has been extended southward under Tail of the Horseshoe to 
Thimble Shoals Channel. 


The only reliable geophysical line between Chesapeake Channel and 
Thimble Shoals Channel is line D-E which shows a continuous reflector 
at less than -60 feet MLW crossing under Tail of the Horseshoe. This 
reflector is consistent with the core data. However, a second strong 
reflector dips southward from a high point near the sediment surface at 
Chesapeake Channel to a depth of 130 feet just south of Thimble Shoals 
Channel where subbottom penetration was lost. This second reflector 
may represent an erosional unconformity in the presumed Miocene sedi- 
ments below the erosion surface delineated by Harrison et al (1965) 
and on Figure 6, or it may actually be continuous with the erosion sur- 
face mapped to the north. If the latter concept is true, the channel 
as based on the deeper reflector of line D-E and a discontinuous, 
apparently associated reflector visable on parts of lines 4 and M in 
the Lynnhaven Grid would be much wider and include the small channel 
shown on the Bridge-Tunnel section north of the larger Channel D. The 
probably trend of this larger channel would be southeast rather than 
east and it would pass under the south Bay Shore between Lynnhaven 
Inlet and Cape Henry. 


Since firm data on alignment are not available, the interpretation 
of Channel D as shown on Figure 6 is based on the core and boring data 
with Channel D trending eastward between the high under Tail of the 
Horseshoe and the land area to the south where Oaks (1964) interpreted 
the Miocene surface lying generally at less than -50 feet MLW. This 
seems the most reasonable explanation based on the meager data at hand. 


Reflections from fill in the various channels is characterized by 
the common occurrence of high angle bedding surfaces especially in the 
large A and D Channels. On some records no stratification or bedding 
is apparent in the valley fill although cross lines run on a. perpen- 
dicular heading clearly show bedding. Possibly reflectivity is 
enhanced or diminished by the relative angles between the survey track 
and the dip of the beds. It may also be that the bedding is not uni- 
directional but that only certain sets have reflective interfaces. 
Wherever these bedding surfaces have been detected, they were found to 
dip southwestward, thus they lie almost normal to the axis of the south- 
east trending A Channel and dip slightly upstream in the D Channel. 


The fill is thickest where the valleys are deep, but it appears to 


extend across the low interfluve between the A and B valleys where it 
thins to only a few feet. Even in this thinning section internal 
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bedding, dipping southwestward is still apparent. In the deeper parts 
of Channel A the bedded fill overlies earlier fill of indeterminate 
thickness. 


A large channel reaching thalweg depths of about -180 feet MLW was 
crossed by two closely spaced Virginia Beach reconnaissance lines. The 
approximate position and alignment of the channel is shown on Figure 6 
by the mid-depth contours of -120 feet MLW and designated Channel E. 
There is insufficient data presently available to detail the channel 
and other features of the buried erosion surface off Virginia Beach. 


4. Sediment Characteristics and Distribution 


Much of the data on the character of sediments in Chesapeake Bay 
Entrance was obtained from 57 cores taken for this study. These 4-inch 
diameter cores range from 2 to 20 feet long and provide fairly dense 
coverage of the surveyed area (Fig. 2 and 15). Additional data on sur- 
face and subbottom sediments within study limits were obtained from 
studies of grab samples and short cores by Ryan (1953), engineering bor- 
ing data reported in Christians and Meisburger (1967), and chart nota- 
tions on U.S. Coast and Geodetic Survey charts. Detailed coverage of 
surface and subbottom sediments along the track of the Chesapeake Bay 
Bridge Tunnel (at the western border of the study area) are contained 
in logs of engineering test borings made during foundation studies for 
that structure (Chesapeake Bay Bridge Tunnel Commission, 1961). A num- 
ber of cores obtained for a dredging study by the Norfolk District, 
Corps of Engineers, in 1970 are within this study area and have been 
made available for study. These cores are plotted on Figure 2. 

The dominant surficial sediment of Chesapeake Bay Entrance is a 
homogeneous (Figure 7) gray, fine to very fine quartzose sand, usually 
well sorted and often silty. This fine sand body mantles the bottom 
almost everywhere within the study limits, (Figs. 8 and 9) except the 
channels and Lynnhaven Bay where gray silt is the dominant sediment 
type. Medium and coarse sand is rare; the only sizable concentration 
at the surface occurs in Thimble Shoals Channel where a light brown to 
reddish-brown coarse sand with streaks and patches of gravelly sand 
occur in outcrops (Figures 10 and 11). Smaller concentrations occur 
in thin patches on the gray sand blanket and on the southwest rim of 
Chesapeake Channel. 


Of the 57 cores taken for this study and 8 additional cores and 
borings otherwise available from the study area (Christians and 
Meisburger, 1967 Norfolk District Dredging Survey, 1970), only 11 con- 
tain surface sediments with a mean diameter coarser than fine sand 
(.250 mm - 2.0 phi). Six of these cores are closely grouped in Thimble 
Shoals Channel (C33, 34, 42, 45, 48, DH4) within an outcrop area of the 
type E sand and gravel previously discussed in connection with the 
Bridge-Tunnel boring data (Figures 2 and 4). Core 51 on the north edge 
of Tail of the Horseshoe is judged to be in a small outcrop area of the 
same unit which is continuous under the shoal. 
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The remaining four cores are from the terrace fringing Cape Charles. 
These cores (C10, 15, 39 and 21) contain a surficial layer 1 to 3 feet 
thick composed of medium to very coarse, iron-stained, quartzose sand 
(Figures 12 and 13). The sand is distinctly different in texture and 
appearance from the underlying and surrounding fine gray sand which is 
characteristic of the terrace. Unlike other sediments in the study area 
these brown sands contain a significant content of shells and shell 
fragments, mostly surf clams (Spisula) and razor clams (Ensis). 


Two of the cores on Cape Charles terrace containing coarse brown 
sand (C10 and 15) lie close together on the rim of a large semi-closed 
depression off Fisherman Island. Geophysical records across the core 
sites show that these cores were taken in an area of sand waves 3 to 8 
feet high. Ludwick (1970) recently reported on these sand waves and 
noted that coarse brown sand occurred in the area. He suggests that 
the sand may be relict. Core 39 is from the flank of a peaked sym- 
metrical feature about 10 feet high which may be a solitary sand wave. 
Core 21 was retrieved from a relatively featureless area of the 
terrace. 


The fact that the coarse brown sand in the cores from Cape Charles 
terrace all appear to be identical and the cores are in line northeast- 
southwest suggests that the sand may be continuous between core sites. 
If so the sand occurs in a narrow band as cores to either side of the 
line contain fine gray sand. 


The thickness of the fine gray sand covering most of the study 
area is generally greater than the penetration of cores made for this 
study. Deeper borings made along the Chesapeake Bay Bridge-Tunnel 
show this deposit reaches a maximum thickness of 120 feet near 
Fisherman Island and has an average thickness of more than 10 feet. 


This sand is remarkably uniform in texture and appearance. The 
mean diameter of 95 samples obtained from cores in the deposit at 
various depths from the water-sediment interface to 12 feet downhole 
range from .098 to .216 mm (3.35 to 2.08 phi) with a standard devia- 
tion of .25 phi (Figure 14). 


Most of the gray sand samples are well sorted. There is no pro- 
nounced size differences between samples from shoals and depressions 
on Cape Charles terrace, probably a result of the uniformity in avail- 
able sand rather than uniformity in the distribution of wave and 
current energy over the terrace area. 


A sharp lithologic break occurs in cores from the south slope of 
Tail of the Horseshoe where the medium to very coarse sand and gravelly 
sand exposed in Thimble Shoals Channel is thinly buried by fine gray 
sand near the outcrop line. Except for cores penetrating to this 
coarse stratum few cores in the study area show sharp lithologic con- 
trast in vertical section. 
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Figure 14. Histogram of the phi mean diameter of 95 samples from cores 
in the fine gray sand (Unit A). 


Figure 15 is an isopach map showing sediment thickness over a re- 
flective horizon called the blue horizon. The isopach reflector surface 
is more or less level and dips slightly southward. Where it appears, 
the blue horizon is generally the uppermost clearly definable reflector. 
The irregular to smooth appearance of the blue horizon suggests that in 
places it follows an erosional surface and elsewhere lies along a depo- 
sitional surface. Though acoustically weak or entirely lacking in 
places, the blue horizon is believed to be present throughout the study 
area as a zone or interface separating sediments of different physical 
properties. Cores and borings for the Chesapeake Bridge-Tunnel indicate 
that the blue horizon is probably near or at the base of the ubiquitous 
fine gray sand blanket (Type A) covering most of the study area. 


West of Channel A (Fig. 6) data from outcrop, cores, and Bridge- 
Tunnel borings indicate that the isopach reflector generally overlies 
finer sediments (Types B,C,D,F,G) or coarse sand (Type E). East of 
Channel A, information on underlying sediments is deficient because few 
cores in this area penetrated the upper sand blanket; however, varia- 
tion in acoustic contrast along the blue horizon and the partly 
erosional, partly depositional, appearance of the interface suggest 
that underlying sediments are variable in physical properties. 


Based on the Figure 15 isopach map, the total volume of sediment 


above the isopached (blue) reflector within study limits is estimated 
to be 1.8 x 109 cubic yards. 
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Section III. DISCUSSION 


Miocene strata of the Chesapeake Group underlie the entire study 
region and can be correlated at the group level throughout. In wells 
on southern Delmarva Peninsula, and on the southeastern Virginia 
coastal plain the top of the Miocene has been assigned a Yorktown age 
(Sinnott and Tibbetts 1957, Oaks and Coch 1965, Oaks 1964, Harrison 
et al 1965). Miocene sediments penetrated by Bridge Tunnel borings 
near Chesapeake Channel are considered to be no younger than St. Marys 
age by McLean (1966) indicating that Yorktown sediments were either 
eroded from this area or never deposited. 


Several CERC cores in the vicinity of Thimble Shoals Channel are 
judged to have penetrated to the Miocene surface on the basis of 
lithologic correlation with nearby Bridge-Tunnel borings; no fossil 
evidence was obtained in these cores. Core 36 near Chesapeake Channel 
(Figure 2) penetrated material containing well-preserved, unworn macro- 
fossils of definite Miocene Age but uncertain formational affiliation. 


Post-Miocene deposits of the southeastern Virginia Coastal Plain 
have been described in detail by Oaks and Coch (1963) and Oaks (1964). 
Post-Miocene stratigraphy under the southern Delmarva Peninsula has not 
been detailed, and known deposits are assigned to the Pleistocene 
Columbia Group undifferentiated. 


No direct relationship between post-Miocene sedimentary units in 
the study area and those described from the adjacent land areas of 
southern Delmarva Peninsula and southeastern Virginia can be shown. If 
such a relationship exists, it seems most likely to be between the 
coarse gravelly sand ( Unit E) outcropping in the study area at Thimble 
Shoals Channel, the lithologically similar gravelly sands occurring in 
Columbia Group deposits on southern Delmarva Peninsula, and gravelly 
sand occurring in the lower member of the Great Bridge Formation 
(Pleistocene) under the southeastern Virginia Coastal Plain (Oaks 1964). 
Other gravel bearing units in the southeastern Virginia coastal plain: 
the Kilby facies, Bacons Castle Formation; members of the Norfolk 
Formation; the Kempsville Formation and Londonbridge Formations are 
possible correlatives of Unit E. However the Kempsville and London- 
bridge Formations are not known to occur lower than -17 feet MSL nor to 
directly overlie the Miocene surface while Unit E occurs as deep as -90 
MSL and characteristically overlies an eroded surface in Miocene strata. 
The Bacons Castle Formation has not been identified east of Suffolk 
Scarp which lies several miles west of the study area. The Norfolk 
Formation containing gravelly members and found as deep as -35 feet MSL 
is a possible but less likely correlative to unit A than the Great 
Bridge. 


Because of the coarse character of Unit E sediment and its apparent 
relationship to buried stream channels, it is believed to be a relic of 
lower sea level; thus late Wisconsin glacial or earlier in age. Unit D 
peat which occupies with Unit E the same stratigraphic horizon on the 
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eroded surface of underlying Miocene strata has radio carbon ages 
placing it in the time frame of the Holocene transgression. (Harrison 
ee ail, 1965). 


Since borings do not show any points of overlap between units D 
and E, their relative age cannot be determined; it is possible that 
both are of the same age. However the coarse, poorly sorted texture 
and absence of marine shells in most unit E material suggest a fluvial 
origin and the heavy iron stains indicate subaerial exposure, which point 
to a time of origin at least predating the local onset of the Holocene 
Transgression. 


Sediment units A, B and C which overlie the dated peat horizon D 
(Harrison et al 1965) are clearly of Holocene age and are judged to 
include both transgressive and post transgressive facies. Studies of 
microfossils from the soft silty units B and C have been made by 
McLean (1966) using bridge tunnel samples and Nelson (1969) and Nelson 
and Meisburger (1972) using CERC cores. Both studies indicate that the 
units were formed in fresh to brackish shallow water environments. A 
carbon-14 age of 11,500 yr BP +1200 yr on organic detritus sampled from 
9 to 12 foot downhole on CERC Core 37 (Maynard Nichols, personal com- 
munication), indicates a transgressive Holocene age for this material 
judged to be a part of Unit B. 


Based on radioactivity dating of peat in underlying B and D sedi- 
ment units it is clear that the fine gray sand of unit A is of Holocene 
age. Evidence suggests that at least part of the unit is post-transgres- 
Sive (i.e., since relative sea level reached its present position). 


Study of microfossils from CERC cores, in unit A showed species 
adopted to the environment presently existing in the area (Nelson 1969, 
Nelson and Meisburger 1972). In addition, the top of unit A averages 
only about -20 feet MLW and locally rises to and slightly above sea 
level. Reworking or post depositional uplift could also account for 
the present elevations of the unit, and a Holocene uplift has been 
postulated by Harrison et al (1965), but deposition at relative sea 
level near that of the present time seems the most probable explanation. 


The silt deposit in Lynnhaven Bay may be post-transgressive, thus 
not directly related to unit B. The Lynnhaven silt appears to have 
been laid down in deeper water than most of unit B (Nelson 1969) and it 
lies at a shallower depth. 


The erosion surface plotted from seismic reflection data in Figure 
6 is judged to correspond with the top of the Miocene in the area to 
the south and west of the northeast wall of Channel A which cuts diago- 
nally beneath the Entrance Area. Only a small segment of the Bridge- 
Tunnel complex lies north of Channel A (Figure 6) thus subbottom lithol- 
ogies below the penetration range of CERC cores is obscure. According 
to Bridge-Tunnel borings, the top of the Miocene is truncated at the 
steep north wall of Channel A about 40 feet below the top of the wall 
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(Figure 4, App.A, Lines C and 11). The erosion surface mapped on 
Figure 6 to the north and east of Channel A is underlain by about 30 
feet of post-Miocene sediment deposited prior to the cutting of 

Channel A and is thus probably older than late Wisconsin. In the area 
enclosed by the north wall of Channel A, the Bridge-Tunnel and the 
south Bay shore, this older deposit appears to have been largely if not 
entirely removed by the various channels and the erosion surface as de- 
picted in Figure 6 is considered to be essentially at the top of the 
Miocene. With the exception of Unit E which may possibly be a relic of 
the post-Miocene but pre-erosion surface deposit, the fill over the 
Miocene surface south and west of Channel A is entirely Holocene. 


Ryan (1953) estimated that a volume of 46.4 x 10! expe yards of sand 
would be needed in the southern Bay area to fill the old Pleistocene 
channels to an extent consistent with present bathymetry. He concluded 
from these estimates that the sediment produced or contributed to the 
Bay since its invasion by the Holocene seas was not sufficient to 
account for this fill plus the 14.75 x 109 cubic yards of fill esti- 
mated to have been deposited in mid-and upper-Bay locales. A contribu- 
tion of sediment from the Atlantic Ocean to the lower Bay was thus 
considered probable. 


Although Ryans' estimate of channel depths in the Bay Entrance did 
not take into account the possible Holocene uplift later postulated by 
Harrison et al (1965) which would reduce needed fill in the lower Bay, 
the volume still needed to fill the uplifted channels coupled with the 
fact that the old channels in mid- and upper-Bay are only partially 
filled while they are almost entirely buried in the lower Bay, strongly 
suggests a sediment influx into the lower Bay from the ocean side. 


The Pleistocene Channels in the Bay Entrance area (Figure 6) have 
been filled for the most part with fine silty sediment of units B and 
C deposited in a shallow brackish to fresh water environment (Harrison 
et al, 1965; McLean 1966, Nelson, 1969, Nelson and Meisburger (1972). 
This deposition presumably took place during the most recent transgres- 
Sion as the former stream channels were being progressively embayed. 
It is probable that the bulk of these fine sediments were brought down 
by the parent streams to come to rest in the embayed esturaries. How- 
ever the persistent southwest dip of bedding planes in the channel fill 
detected on seismic reflection profiles (Appendix A) suggests that dep- 
ositional control and possibly the immediate sediment source may have 
been to the northeast of the Entrance area. It is possible therefore 
that the preponderance of unit B and C sediments were swept across the 
area from the ocean side to aggrade the old channels while the sediments 
and processes internal to the channels exerted only minor influence on 
the filling process. 


The fine gray sand (unit A) which comprises the surface and near 


surface deposits on the terrace surrounding Cape Charles and surmounts 
the Horseshoe - seems very likely to have originated from sources 
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outside the Bay area. The very shallow shoal tops and apparent occur- 
rence of this sediment above sea level at Fisherman Island in addition 
to a microfauna adapted to present conditions in the Bay Entrance 
(Nelson 1969), indicate deposition of at least the upper part of this 
unit at or above existing relative sea level. 


Present sources of sand-size sediment bayward of the deposits in 
the entrance are largely to be found on the western shore of the Bay 
area where shore erosion and main-stream drainage are estimated to have 
produced the bulk of post-transgressive Bay sediments (Ryan 1953). If 
type A sand in the Bay Entrance is largely of post-transgressive origin, 
it is unlikely that the source area is in the western Bay because the 
western Bay sands grade finer toward the inner bay, and the deep central 
Bay channel is mud-floored (Ryan 1953); thus, no avenue of present large 
scale transport between the western shore and the entrance area is 
apparent. 


Transport of sand from the eastern shore of the Bay to the entrance 
area seems a more feasible route, but sand production on the eastern 
shore is relatively small and probably inadequate to account for the 
large volume of Type A sand present around the entrance area. 


Further evidence of a possible seaward origin for the fine gray 
sand body is a contrast in percentages of some heavy minerals contained 
in the Bay Entrance area sands to percentages of the same minerals in 
other Bay areas. Of the 78 samples from the Bay area examined for heavy 
minerals by Ryan (1953) 13 were in the fine gray sand body south and 
west of the Cape Charles area. In these 13 samples hornblende ranged 
between 19% and 52% of the total heavy fraction; hornblende exceeded 19% 
in only 9 of the 65 samples from elsewhere in the Bay. Chlorite ranged 
from 4 to 38 percent in samples from south of Cape Charles, but was 
only 1 percent or less in samples from west of Cape Charles and else- 
where in the Bay area. Black opaques which are generally 25% to 60% of 
the total heavy fraction in most Bay samples, are less than 10% in all 
but 4 of the samples from the gray sand blanket. 


Since the fine sand flats around Cape Charles contain a size range 
that is not common elsewhere in the Bay, the differences in percentage 
of hornblende, chlorite and black opaques may be due to a preferential 
association of these minerals with the dominant size mode of the sand. 
However, the degree of difference in size with some large areas of sand 
in the Bay is not great, and the percentage difference in the content of 
these minerals is substantial. 


Pleistocene and Holocene events have been the dominant influence 
in shaping the present bottom and shallow subbottom characteristics of 
the Bay Entrance. Repeated erosion of underlying Miocene strata 
occurred as a consequence of low sea level stands during Pleistocene 
glacial epochs. 
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During interglacials, the sea repeatedly invaded the region 
leaving a series of marine, and marginal marine deposits. Many of 
these deposits are preserved on the southeastern Virginia coastal 
plain (Oaks, 1964), but with the possible exception of Unit E no Pleis- 
tocene deposit in the area southwest of Channel A (Figure 6) appears 
to have survived late Wisconsin erosion. On the broad high between 
Channels A and B, a section of Pleistocene sediments apparently re- 
mains between the Miocene surface and the erosion surface mapped in 
Figure 6. 


During much of Holocene time this upland would have formed a south- 
ward extension of Delmarva Peninsula restricting the Bay mouth to the 
area occupied by Channels A and D (Figure 6). If the Holocene uplift 
postulated by Harrison et al (1965) is taken into account, the relative 
rate of sea level rise in Chesapeake Entrance must have been very slow; 
consequently conditions changed only slightly from the onset until 
about 5,000 years BP when drowning of the upland between channels A and 
B opened the Bay mouth. 


If the foregoing is a true representation of the Holocene advance, 
then fill in the Pleistocene Channels probably could not have origi- 
nated with the advance of a sediment mass from the northeast as a land 
barrier would have existed in this direction until after the time of 
deposition indicated by radiocarbon dates on material within the fill 
(Harrison et al 1965, Maynard Nichols personal communication). 


The fine gray sand comprising much of the surficial sediment 
blanket in Chesapeake Bay Entrance probably did not begin to form until 
after drowning of the upland between Channels A and B since it overlies 
and extends well bayward of this high. Recent work by Ludwick (1970) 
indicates that the surface layers of this sand mass are being actively 
formed by currents and waves, and it seems possible that active sedi- 
mentation may still be taking place. 


Gross bottom morphology in the Bay Entrance is judged to be largely 
due to the accretion of the fine gray sand and little related to events 
predating its deposition. Little if any topographic expression of the 
old Pleistocene erosion surface now remains in the Bay Entrance. The 
major positive topographic features are areas of accretion of the fine 
gray sand on the sand flat surrounding Cape Charles and over the Horse- 
shoe area. Chesapeake channel and the main entrance channel are the 
principal negative features. Both appear to be due as much to accre- 
tion of sediment masses to the flanks as to scour, the north wall con- 
sisting of the southern edge of the sand flat surrounding Cape Charles 
and the southern wall consisting of sand accreted around Cape Henry and 
on Tail of the Horseshoe. 


Evidence of this can be seen on geophysical records which cross 


the north wall of Chesapeake Channel and the main entrance channel 
(Appendix A). On Chesapeake Channel records (lines E and DE), a 
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strong reflector passes under the flanking terrace at or near the level 
of the channel floor indicating that the channel floor may be continu- 
ous with the surface of the older unit underlying the terrace sands. A 
truncated reflector on the wall flanking the main entrance channel at 
about -60 feet MLW (lines 8 and K) suggests that here the channel may be 
partly the result of erosion and partly the product of upbuilding on the 
flanks. Core 37 in the Chesapeake Channel and Core 23 near the main 
entrance channel both show indications of deposition in shallower water 
than presently exists over the area. Core 37 from 3 to 9 feet downhole 
contains a foraminiferal assemblage dominated by Arenoperalla mexicana 
indicating conditions transitional to the present environment (Nelson, 
1969). Below 9 feet downhole, a peaty layer has been established to be 
a near sea level deposit of transgressive Holocene age (Maynard Nichols, 
personal communication). 


Section IV. SAND RESOURCES 


iL. Sand Volume Requirements 


The major potential sand requirement of the Corps of Engineers in 
the region is for fill to restore and maintain Virginia Beach, Virginia. 
Existing and recommended projects call for restoration and improvement 
of the segment of beach between Rudee Inlet and 89th Street by placing 
an initial fill of 2.4 million yards of sand. Maintenance will require 
133,000 cubic yards annually plus the existing maintenance fill amount- 
ing to 163,000 cubic yards annually now furnished by dredging from Owl 
Creek. The total annual maintenance fill is thus 296,000 cubic yards. 
Initial fill plus annual maintenance fill for a 50 year period will re- 
quire 17.2 x 106 cubic yards of suitable sand. 


Oe Sand Suitability and Potential Borrow Areas. 


The suitability of borrow sand for beach restoration and nourish- 
ment depends on several factors. Important factors are size distribu- 
tion, composition, and economics of recovery and placement. Borrow 
material significantly smaller in gradation than the native beach ma- 
terial will probably prove unstable under the wave and current regimen 
on the beach, and will be rapidly eroded. The most suitable borrow 
sand is sand having nearly the size characteristics of the native beach 
material. A desirable composition is one in which the particles are 
composed of hard inorganic material such as quartz that will not de- 
grade readily in the littoral environment. 


Within the limits of study, the collected data indicate that there 
are only two areas with significant deposits of sand suitable for fill 
on nearby beaches. The ubiquitous fine gray sand and sandy silt cover- 
ing much of the bottom of the Bay Entrance contains little usable ma- 
terial because of its fine grain size. 
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The most promising deposit crops out in Thimble Shoals Channel and 
along a reentrant in the south flank of Tail of the Horseshoe. This 
deposit is a coarse brown to reddish brown sand and gravelly sand 
(Unit E). Data suggest that the deposit extends to and through the Tail 
of the Horseshoe shoal to near the south wall of Chesapeake Channel 
where it decreases to a thin layer. It does not appear to extend north- 
ward into the deeper part of Chesapeake Channel. South of the Thimble 
Shoals outcrop area, the coarse sand body appears to extend under Lynn- 
haven Roads, but is deeply buried under a silt and silty clay layer. 
Figure 16 shows the approximate configuration, extent and thickness of 
Type E sand and gravelly sand in the Thimble Shoals deposit which appears 
economically recoverable. Within the outlined area, about 3,500,000 
square yards of Type E material is exposed, and the volume available in 
this area is calculated to be 11.9 x 106 cubic yards. In addition, about 
7.5 x 10© cubic yards are estimated to be available in the area bordering 
the exposure with a removal of no more than 5 feet of overburden. 


In terms of mechanical stability, the Thimble Shoals material is 
considered good. Most of the sand grains are quartz which is resistant 
to mechanical and chemical degradation. Some gravel particles are com- 
posed of granitic rock which is partly decomposed. These fragments con- 
stitute only a minor fraction of the sediment. 


Layers and lenses of well-sorted, clean sand closely matching the 
beach sand occur in the Thimble Shoals deposit. However, the split 
cores showed that these layers are generally bedded with interspaced 
coarse sand mixed with gravel and occasional thin clay partings. The 
material finer than the native sand will be removed from the beach soon 
after placement, and the coarser particles will tend to remain. 


Another possible source of suitable beach fill is the coarse brown 
surficial sands in the area covered by Cores 10, 15, 21 and 39. Assuming 
the deposits occur in isolated patches of the approximate extent shown 
in Figure 9 and average thickness is 3 feet, then about 1.9 x 10© cubic 
yards of this material would be available. Since data are limited con- 
cerning deposits in this area, more detailed study including field data 
collection would be required to more accurately assess the magnitude of 
suitable borrow material. 
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Figure 16. Detailed plan view of the Thimble Shoals outcrop of Type E 
sand. Crosshatched area outlines the area of outcrop or near 
outcrop where the most economically recoverable material lies. 
Contours are on the first subbottom reflector. 
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Section V. SUMMARY 


The entrance to Chesapeake Bay study area lies between Cape Charles 
and Cape Henry encompassing shallow portions of lower Chesapeake Bay and 
the adjacent Atlantic Continental Shelf. 


Wide expanses of sandy to silty bottom in less than 35 feet of 

- water characterize the entrance. These shallow flats are cut by deeper 
channels reaching -40 to -90 feet MLW; locally, linear shoals and de- 
pressions create depths of -50 feet to less than -10 feet. 


Borings in the Bay Entrance show that it is underlain by Miocene, 
Pleistocene and Holocene sediments. Seismic reflection records showing 
bedding in sediments to -300 feet MLW indicate that the deeper strata 
underlying the Entrance area are more or less mutually parallel and dip 
gently toward the east and southeast. Most of these strata are thought 
to be Miocene. Shallower subbottom strata in Chesapeake Bay Entrance 
are complexly bedded; internal bedding surfaces, channels and discon- 
tinuous sediment lenses are characteristic. 


Large channels, now filled and buried, cut under the Entrance area 
in an easterly and southeasterly direction. These channels are be- 
lieved to be Pleistocene Channels of major streams now tributaries to 
Chesapeake Bay. 


The dominant sediment in the Bay Entrance is a fine to very fine 
gray sand which covers much of the northern two thirds of the area. 
Silt occupies Lynnhaven Bay and covers much of the channel floor. 
Coarse, gravelly sand is exposed locally in Thimble Shoals Channel and 
occurs in patches elsewhere. 


Sand suitable for nourishment of ocean beaches within reasonable 
hauling distance of the Bay Entrance occurs only in the coarse sand and 
gravelly sand exposure in Thimble Shoals Channel. It is estimated that 
19.4 x 10© cubic yards of this sand can be obtained either in exposure 
or under less than 5 feet of overburden. 


It is estimated that 1.8 x 109 cubic yards of the fine gray sand 
has accumulated in the Bay Entrance. This sand is considered to be 
Holocene age and derived primarily from sources on the adjacent Atlantic 
Shelf or littoral rather than from Bayward sources. The coarse gravelly 
sand of Thimble Shoals Channel is believed to be a relict fluvial de- 
posit of Pleistocene age or earlier. The silty sediments of the channels 
and in Lynnhaven bay are judged to be of Holocene age. 
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APPENDIX A 


SELECTED GEOPHYSICAL PROFILES 


Appendix A contains line profile drawings of selected seismic 
reflection records from the Bay Entrance grid area. 


"Fix'’ numbers and points of crossing lines are plotted along the 
upper margin of the profile. 


The bottom and all subbottom reflectors are delineated and those 
reflectors mentioned in the text are identified by letter symbols. 


All depths are in feet below mean sea level; and based on an 
assumed sound velocity of 4,800 feet per second in water and 5,440 
feet per second in the subbottom. 


Position of lines and fixes are plotted on Figures 2a and 2b. 
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APPENDIX B 


GRANULOMETRIC DATA 


Appendix B contains the results of size analysis of selected samples 
from the study area. 


Samples are identified by core number, CERC identity number, and 
sample interval within the core. These samples are plotted by core num- 
bes ony Figure: 27 


Size analysis data for all cores are filed with the National Oceano- 
graphic Data Center, of the National Oceanographic and Atmospheric Agency, 
U. S. Department of Commerce, Washington, D. C. and at the Coastal Eng- 
ineering Research Center, Washington, D. C. 
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APPENDIX C 


SEDIMENT DESCRIPTIONS 


Appendix C contains visual description of sediments contained in 
cores from the study area. 


Core number, CERC identification number, and sample depth in core 
are listed to the left. The cores are plotted on Figures 2a and 2b. 


Visual descriptions are based on both megascopic and microscopic 
examination. The descriptive statement generally contains (in order) 
the following elements: 

a COMO: 

2. Color code per Munsell Soil Color Charts (1954 Edition)* 


3. Dominant size or size range. 


4. Major compositional element or elements with the dominant 
constituent listed first. 


*Color code for Norfolk Dredging survey and from Christians and 
Meisburger (1967) are not available from the original logs. 


* Munsell Soil Color Charts, 1954 Edition, Munsell Color Co., Inc., 
Baltimore, Maryland 


48 


pues 


ZqyaZenb esxzeod 02 UNTpow (Z/zZ IA OT) ACIS YYSTT w3q Z-0 ZS OL OL 
r937ew 
aTqezes0An pue AeTo ‘3zITS ‘pues (SN) AID WCGeGT Geil 
(Z/9 44 O01) ABad ystumorq 2YsTT S250) 9S 6 6 
pues z}a1enb outy 
potos [Tem (Z/9 IA OT) Avs ystumorq 7Y3TT w3q 1-0 82 8 8 
pues z}1enb pozsto0s 
TIoM ouTF “(7/9 ZA OT) APIS YStuMorq Y3TT w3q L*T-0 G¢ i L 
pues z}2enb paztos 
TI9M ouTF (7/9 4A OT) ABIS YySTumoIq 4YSTT w3q L° 7-0 62 9 9 
pues zja1enb wntpow (¢/9 IA QT) umMoIg oTeg w3q T1I-9°8 
sooetd ut otysetd AT AYBTITsS 
‘AVITS ‘pues zjZenb outs (¢/9 AA QT) UMOIG 9Ted 9°8-0 cs S S 
a1ts AskeTD Apues FOS (SN) ACID w3q IT-0 cs v Vv 
AepTo otysetd AATts ‘(pN) AeIZ yYreqG w3q OZ-Z 
7ITS pue pues ouTZ ALOA ‘(p~N) Avad YrEq L-0 Sie ¢ ¢ 
pues AITTS ouTF AOA (T/9 IA OT) ABI w3q 07-2 
pues zjzzenb ATTeyS 
osieod 0} auTF(Z/9 IA OT) AeIS YSTuMoIq IYSTT 1-0 vz C Z 
AeTo AY[ts - Avrs yareg w3q 07-0 SC if if 


NOT LdTYOSdd (Ld) TIWAYSLNI HLddd YSLVM “ON GI OUdD “ON 4uYx0O 


49 


pues zzx2enb 


poqzos [Tem ouTF (7/9 IA OT) AeA ystumorq 1YsTT w3q S*P-0 LE 0z 0z 

pues zja2enb poejzos 
[lem eutF (p/9 1A OT) umozq ystMoTTeA IY8TT w3q £°S-S 

pues zjx1enb 

poqtos [Tem ouTF (7/9 IA OL) ABA YstuMoIG IYSTT S-0 Ig 61 61 
pues z}x1enb 

poqtos [Tem ouTF (Z/9 4A OT) ACIS Ystumorq IY3TT w3q 2£°Z-0 v2 8T SI 
pues z31enb 

peqzos [Tom outF (7/9 4K OT) AeIB ystumorq IYBTT w3q ¢-0 vz LT LT 
pues zzzenb 

poqzos [TTem ouTF (7/9 4A OT) ABA YStuUMOTG IYSTT w3q ¢°¥-0 vz OT OT 

pues zjzaenb pojtos Tem ouTF (1/9 IA OT) APIAN w3q S°p-Z 

pues z3za2enb 

aszeod 02 wuntpew (7/9 4A OT) Aes ystumorq 1ST] Z-0 Le ST ST 
pues z3z1enb 

poqtos [Tem ouTF (Z/9 4A OT) APIS YStumorq IYSTT w3q °Z-0 9¢ vl vI 
pues zja2enb po.zos 

[Tom outF (7/9 4K OT) ABI YSTUMOIG 1Y3TT w3q §°S-0 gs SI €1 
age Ge ae 
AYTtS ATIUBITS pue LOUTF BuTWOSEeq pues poejtOS 

TTom outZ (7/9 4A OT) AVIS YSTUMOIG IYBTT w3q Z°OT-0 cv Gil Ei 

pues zjaenb poqros Tem ouTF (1/9 FA OT) AvIO w3q €¢°ZI-0 cS Il II 


NOT LdIYOSHd (Ld) TVAUSINI Hlddd YALVM “ON GI OUD “ON FYOO 


50 


pues z3z2enb 
peyzos [Tem sutTFZ (Z/9 AA OCT) AeaAS ystumorq 3Y38TT 


pues zza1enb 
peitos [TEM oUuTF (7/9 IA OCT) AAS YUSTUMOIG 2Y3TT 


woi370q 3% oTyseTd pue AodkeTD oLoW ButTWodeq 
pues AoXkeTo AA[TS outz (¢/g IA OT) umorg 


Aeqto otasetd 
Aytts Apues (p/9 IA OT) uUMotq YstMoT [eA 2Y3TT 


pues zz2enb 
peqyztos [Tem euTF (7/9 AA OCT) ACIS ystumorq 3UBTT 


pues z3z2enb 
pojytos [Tem ouTF (Z/9 IA OT) Aer ystumorq 3yBTIT 


pues z3xrenb 
pejtos [Tom eutF (7/9 4A OT) ABA YStuMOIG 2YSTT 


pues zz2enb 
pez1Os [Tem sUuTF (7/9 IA OT) ACA YStumorg 2YBTT 


pues zja1enb pozzos 
TIOM ouTF (Z/9 IA OT) ABI Ystumosq 2YSTT 


pues zj1enb poeqzos [Tem oUuTF (T/9 IA OT) AeIO 


pues z}2enb osze05 
0} wntpow (7/9 2A OT) AearSd ystumorg 4YsTT 


NOT LdTYOSdAd 


w3q S-0 


w3q ¢-0 


wiq G°L-9 


G99 


9-0 


wiq ¢£°6-0 


w3q S°*TT-0 


wiq 8°¢-0 


wiq S°¢-0 
wiq ¢°¢-T 


T-0 


(Ld) TWAUSLNI 


8 


Se 


9¢ 


Iv 


LE 


Ig 


9¢ 


ve 


HLddd YaLVM 


8C 


LC 


92 


Sc 


ve 


SC 


CC 


Ic 


“ON CI OYsdD 


x4 


Le 


9¢ 


SC 


vc 


x4 


CC 


m6 


“ON 4x09 


“Ol 


AeqTo AYITTS (7/9 IA OT) UMOTG YSTppor IYsTT 


so[Tnues3 
pue pues zj}1enb aszeod (9// IA OT) MOTTOX 


(peteke[iejut) pues zz1enb 
aszeod 0} OUTF (P/Z IA OT) uMorq sted ATOA 


so[nueis pue pues 
asieod ALOA 07 wNTpow (7/9 IA S°Z) UMOTG 2YUSTT 


pues zjzzenb osze0d 
0} wntpou (7/9 IA OT) UMOIG YSTMOTTOA JYSTT 


pues zz2enb 
uUNTpou pezZZOs [TEM (p/9 IA G°Z) UMOTG YSTT 


pues zj1enb po.1Os [Tem 9UTF (T/9 IA OT) ABAD 


pues 
Zzyzenb untpow (7/9 ZA QT) ABB YStumMOoIq YSTT 


pues zj1enb po}z10S [TOM 9UTZ (1/9 IA OT) AeID 


pues zjazenb outz 
AZOA patos [TEM (7/9 IA OT) ABAS YStuUMOIg 7YSTT 


pues z3z2enb 

poJLOS [TOM OUTF (7/9 IA CT) ACB YUSTUMOIG 2YSTT 
pues 

zz4enb pojitos [TOM uNTpow (¢/9 IA QT) UMOIq OTe 


4Z 9- 2€ ALTTS ATIUSTIS BUTWODEq pues 
Zzj2enb poqyLOS [TOM oUTF (¢/9 ZA OT) UMOTq OTeg 


3¥ 9- 3e ATTS ATIYSITS 
pues zjaienb outz (Z/S ZA QT) uMorq ystkery 


NOT Ld TYOSAd 


wiq 6°ST-Z°ST 


SEAL 


vile) 


Lh 9S 


£-0 


9° vVI-cl 
cI-v'8 


v°8-v'9 
v°9-0 


wiq 6°OI-9 


9-0 


wiq 6°OI-8 


8-0 


w3q p°8-0 


(Li) TWAUSLNI 


Ov 


Sai 


Sc 


OF 


ce 


HLiddd Yd LVM 


Soi 


ve 


Tg 


O¢ 


62 


“ON GI OUD 


AS 


ce 


Ig 


Of 


62 


“ON duYOO 


Be 


STLOYS SUSDOTW 
yatm pues ATToeys A4Tts (1/9 ZA OT) AeaQ 


sotTqqed pue so—Tnuei3s pues 
umoziqg oszeod (7/9 IA QT) UumMoaq ofed Aro, 


1F 9°6 01 ~°8 WOTF pues pue sotqqed 
YITM pextu “3Tts AskeTI (1/9 IA OT) Avr 


pues zj2enb pojaos 
TT9M outTF (7/9 IA OT) AVIS YstuMoIq 1YSTT 


sotqqed pue sotnueis ‘pues z32enb 
asieod AIOA 03 951809 (9// IA OT) MOTTOX 


pues 
Zji2enb UNTpou pdztos [Tem (9/2 IA OT) MOTTO 


11ts AskeTO ‘Apues (7/9 IA CT) AeID 
pues zjazenb AqTIS suTT (T/9 IA OT) AeID 


1F 9° LT MOTOq 
STIOYS posodwodsep yIIM pue TokeIS BSuTuUINZ 
AeTo9 A1TtsS (7/9 14 OT) UMOIG YSTppex IYSTT 


sotqqed pue sotnuer3s ‘pues zz2enb 
esiteod ALOA (8/9 Ik G) MOTTOA USTPpoYy 


soTnueis pue pues zz1enb 
aszeod (7/9 TA OT) UMOTG YSTMOTTIA 2YSTT 


NOT LdIYOSsd 


wiq S°9T-6°TT 


6°1TT-9°6 


9°6-V'9 


v°9-0 


wiq 8°<T-S°éI 


GGUS 


LO" 


5-0 


wiq £°81-9°8 


MES °C 


& C-O) 


(Ld) TWAYSLINI 


[ENS 


LE 


os 


Hiddd YdLVM 


8s 


LE 


9o¢ 


“ON GI DYXO 


9¢ 


SZ 


ve 


“ON duYxOD 


53 


“3F 6 MOTOG YSTpper pues 
‘13 6 pue 35 Q 3e Stoke, ACTI UTY} SeTnuers pue 
pues oszeod 0} ouTz (¢/L IA OT) umorq oted AroA 


pues 
Zyienb untpow (7/9 IA OT) AeAB YStumMOIG 7YsTT 


pues zja1enb 
poyzos [Tem ouTF (¢/L IA OT) uMorg oTed Atop 


pues zja2enb 
aszeod ALOA 04 untpow (¢/Z IA OT) uMorg oTed Aro, 


pues outy Aton KokeTO Arts (T/p JA OT) AVAS yYrLeqG 


pues A[IS 
outz ALOA YOedWOD (7/9 IA G) UMOTG YSTPpet IYSTT 


" setqqos pue setqqed 
pues oszeoo (7/9 4A S) uMOIg YSTppet 1Y38TT 


pues 
Z4zenb osxzeod 0} uNTpow (¢/9 IA OT) UMOIG O[ed 


pues zja1enb 
peqtos [TOM ouTF (7/9 AA OT) AVIS ystumorq 3YsTT 


pues z32enb 
pewtos [Tem ouTF (7/9 ZA OT) ACIS YyStumorq 7YsTT 


pues z32enb 
poztos [Tem outF (Z/9 ZA QT) ACIS YSTUMOTAG AYSTT 


pues z}a1enb osieod wntpow (¢/9 IA QT) UMOIG OTeg 


pues z}z1enb outs 
poqtos [Tem (7/9 IA OT) AVIS YStuMOIG 2Y3TT 


sooetd ut snqtaizep jue{d 
yatm 3[ts AokeTO otysetd aZos (1/9 4A OT) AvIO 


NOT LdIYOSdd 


w3q L°6-S°Z 
S*Z-0 

w3q pepe 
S*Z-0 

w3q §*ST-0 
w3q 691-201 
Z°O1-S"6 
S°6-0 

u3q 9T-0 

w3q 6°L-0 


w4aq TI-Z 
Z-0 


wiq S*cI-0 


wiq 6°ZT-0 


(Lo) TWAYSLNI 


cv 


8V 
LE 


ve 


2G 


vc 


vc 


9¢ 


SS 


HLddd YdLVM 


Lv 


ov 
Sv 


vv 


cv 


CV 


Iv 


Ov 


6¢ 


“ON CI OYdO 


Sv 


vv 
£v 


cv 


lv 


Ov 


6¢ 


SE 


Lins 


“ON duOD 


54 


pues zzaenb outyz Aq{ts (T/g AA OT) Avasy 


41tS 
Aoketo Apues ot3ysetd (T/p 2A OT) ACas yYseG 


pues z}z2enb wntpow (7/g IA OT) umortqg ystkeryg 
pues zja2enb untpow (¢/9 IA QT) UuMOIG 9aTeg 
pues A}[Ts outF (1/9 4A OT) ABID 


ToAers oszeds y IM 
pues zjyzenb asae0od (p/p IA §*z) UMoIG YSTppoy 


YF 8- ze AQ[TS SuTWODIEq 
pues z}ienb pojyLOS [TOM OUTZ (T/S IA OT) ACID 
q1ts AokeTD (p~/9 IA OT) UMOLG YSTppoet 1YsTT 


so[Tnueis YIM pues z}zIeNb osze0d 
0} wntpow (7/9 IA OT) UMOIG YSTMOTTOA 3YSTT 


pues z3zenb 
AYTTS outF (Z/9 IA OT) AAS YStumorq 3YBTT 


AeyTo otysetTd agzos (¢/g AA G*Z) UMOIY 
pues zjaenb AZ[IS suTF (T/S JA OT) AeaAD 


pues zjaenb osie05 
0} wntpow (7/9 7S°Z) UMOIG YSTMOTTOA 2Y8TT 


pues zzx1enb 
AYTTS ATIYBTTS outF (Z/G IA OT) uMoTG YsTAeIN 


SUTTI}OW 
umoztq y3tmM AeTO otasetd (pn) Aears yreq 


pues 
zyaenb outy ATOA 0} OUTF (T/p AA OT) AeIO 


NOT LdTYOSsd 


w3q vI-cl 


Gio 
QE 
Gal) 
wiq ¢T-S"cl 


GUO 


O1-O 
Sw ALSO 


O1I-8 


8-0 
wiq 6°ST-8°6 
8° 6-0 


w4q v°01-9°9 


Smom0 


w3q ¢c°IT-OL 


01-0 


(Ld) IWAUSLNI 


ce 


6£ 


8e 


8¢ 


8f 


HLddd YdalVM 


AS) 


cs 


Ts 


OS 


6V 


8 


“ON GI OUXD 


TS 


OS 


6V 


8V 


Lv 


9V 


“ON dYOO 


55 


pues 
Zi4enb osreod 0} wntpow (T/zZ ZA OT) ACIS 2YUSTT 


pues 
zzaenb outy ATOA (7/9 ZA OT) ACIS YSTUMOIG 7Y3TT 

pues zz1enb 
A[ts outz ALAA (7/9 IA OT) ACIZS YStTuMOIG 2Y3TT 


Wo730q IeOU 
Aogkepto Butwodseq 3y[ts Apues (17/9 4A OT) AeID 


pues 
AY[TS outF ATOA (7/9 IA OT) ACIS yStuMOIg YISTT 


a1ts Apues (1/9 44 OT) Avery 


STLOys pue pues zia1enb 
asieod ALOA 02 wWntTpow (T/L IA OT) ACIS YYSTT 


pues zzz2enb 
uNTpow O02 9UTF (Z/9 AA OT) ACIS YyStumOIg 4YsTT 


pues zj1enb poajtos [Tem sutZ (T/9 AA OT) ABAD 


pues 
Zjaenb poytos [Tem oUuTF (Z/L AA OT) ACAS ZYSTT 


WF LI- ye Apues ‘B8utpT3}Jow ystuMOTG 
yatm AepTo AATTs otysetTd (T/g 4A OT) AvsrN 


pues z3a1enb pojstos 
[Tom outZ (7/9 ZA OT) AAS YStumoLg 7YSTT 


pues zj1enb outy (Z/zZ IA OT) ACIS ZYSTT 


pues zjz1enb poz10s 
[TOM oUuTF (7/9 TA OT) UMOTG YSTMOTTOA 3YBTT 


pues zjx2enb 
pojtos [Tom outFz (7/Z 1X4 OT) umorq ofed Aro9,Q 


NOT Ld TYOSdd 


wiq 9°TT-S°6 


S-6-0 


wiq 9°ST-0 


w4q ZI-S°¢ 


GeO) 
w3q c°cI-S'°S 


SS Sane 


8°c-0 
Ss Bc 


wid S°*ITt-0 


w3q S°61-8°6 


wiq 8°<T-0 
Som 0) 


wiq 6°OI-T 


T-0 


(Ld) TWAUSLNI 


12 


Sc 


WG 
ZC 


ZC 


HLiddd YdLVM 


eA) 


c9 


19 


09 
6S 


8S 


OS 
SS 


vs 


“ON GI ONO 


19 


09 


6S 


8S 
ZS 


9S 


vs 
aS 


GS 


“ON dYOO 


56 


FITS owos ‘pues ouTy ALOA ABIB yaIVeQ 


snosoeoTu 
pues ouTy ALOA puke YITS ITUeSIO AeI3 yaeG 


AeTD pue pues surTz AOA 02 SUTF DATIO 
FITS pue AeTS dtTueSsIO AeIB yareQ 

pues outy ALOA pue [TS ITUeSIO AeI3 yaeQ 
ITS pue pues outTz AvIB yaeg 


wo720q IeOU 
AeiS MOTTOA BuTWODIaq pues oSIeOD 03 dUTF KEI 


+F 8 MOTOR 
TTS 9912 pues ouTF ATOA 0} OUTF ALIS yaeq 


ALES DtuesIO yoRTY 

pues outy ALOA puke YITS ITUeBIO KeIO 
pues wntpow 02 outTzZ APIS mMOTTOX 

JITS pue pues ouTF ALOA AbIB yIeQG 
YITS pue ABTS ItuesIO AeIS yIeQ 


pues 
SUuTF 99e1} “AVTO pue [TS ITUesIO AeIZ yaKG 


AelD ITuesIO 
pue 4[TS YIM pues ouTF ALOA 02 oUuTF AeA yaeq 


ToAei3 pue pues ssieod oO. SuUTF UMOLG MOTTO 


NOI LdIYOSda 


wiq TT-0 


wiq 61-2 
c-0 

wiq yI-Zt 
GWG 

c-0 


w2q 9T-OT 


OI-T 

UO 

wiq vI-6 
6-V 

v-0 

ST-? 


v-0 


wid 81-7 
v-0 


(LA) TWAUSLNI 


8e 


Is 


6 


ov 


8e 


Lv 


OS 


HLddd YaLVM 


AWTAUNS ONIOGHYG ATOAYON WOUA SAYOD 


“ON GI OUXO 


VCN 


AN 


CCN 


TcN 


OcN 


61N 


SIN 


“ON HYOd 


RON 


STTeys pue pues AyTts AokeTO AeIO 

pues ouTF 0} OSTeOD UMOLY 

pues oUTF 0} eSteOD AIT[TS uMoIG YsTAeID 
Aezpo Aatts Avis yreQ 

STToys evry SAeTS AZTTS Apues Aeis yLeq 
pues ouTy 03 umTpow ARTIS uMOIg 


pues outy Aq[ts Avais yIeG 


NOILd1YOSdd 


w3q Lc-L1 


Le 


S-0 OV SHd 


waq ¢¢-Lé 


LC-072 


072-91 


91-0 OV vHd 


(La) ‘IVAUSINI Hiddd USLVM “ON GI OYSD “ON AYO 


(L961) UADUNASIAW GNV SNVILSIYHD WOYd SHYOO 


58 


LITERATURE CITED 


Beckmann, Walter C., Drake, Charles L. and Sutton, George H. (1961) 
SDR Survey for proposed Chesapeake Bay Crossing, Trans. ASCE, 
V126, Part IV, pp. 278-290. 


Biggs, R. B., 1970, Sources and Distribution of Suspended Sediment in 
Northern Chesapeake Bay, Marine Geology, V9, N. 3, pp. 187-201. 


Cederstrom, D. J., 1945, Geology and Ground Water Resources of the 
Coastal Plain in Southeastern Virginia, Virginia Geological 
Survey, Bulletin 63. . 


Chesapeake Bay Bridge and Tunnel Commission, 1960-1961, Engineering Logs 
of Borings, Moran, Proctor, Mueser and Rutledge, File No. 1970. 


Christians, J. A. and Meisburger, E. P., 1967, Development of Multi-leg 
Mooring System, Phase A Explosive Embedment Anchor, U. S. Army 
Mobility Equipment Research and Development Center, Report 1909-A. 


Coch, Nicholas, K., 1965, Post-Miocene Stratigraphy and Morphology, 
Inner Coastal Plain, Southeastern Virginia, Technical Report No. 
6 Under NONR Contract 609(40) Task Order NR 388-064. (PhD 
dissertation Yale University, Unpb.). 


Duane, David B. and Meisburger, Edward P., 1969, Geomorphology and Sedi- 
ments of the Nearshore Continental Shelf, Miami to Palm Beach 
Florida, CERC, Tech. Memo. No. 29. 


Ewing, J. I., 1963, Elementary Theory of Seismic Refraction and Reflec- 
tion Measurements, Chapter 1 in The Sea. V3, The Earth Beneath 
the Sea, Interscience Pub., New York, pp. 3-19. 


Ewing, Maurice, Crary, A. B., Rutherford, H. M., and Miller, Benjamin, 
1937, Geophysical Investigations in the Emerged and Submerged 
Atlantic Coastal Plain, Geol. Soc. America, Bull., V48, pp. 
753-812. 


Hack, J. T., 1957, Submerged River System of Chesapeake Bay, Geol. Soc. 
American Bull.; V68, pp. 817-830. 


Haight, F. J., 1942, Coastal Currents Along the Atlantic Coast of the 
United States, U. S. Coast and Geodetic Survey, Special Pub. 230. 


Haight, F. J., Finnegan, H. E., Anderson, G. L., 1930, Tides and 


Currents in Chesapeake Bay, U. S. Coast and Geodetic Survey, 
Special Pub. No. 162. 


59 


Harrison, Wyman B., 1963, Pleistocene Record in the Subsurface of the 
Norfolk Area, Virginia, in Guidebook for Field Trips. Norfolk 
Meeting - 1962, Virginia Academy of Science. 


Harrison, W., Malloy, R. J., Rusnak, G. A., Terasmae, J., 1965, Possible 
Late Pleistocene Uplift, Chesapeake Bay Entrance, Journal of 
Geol WSs) Nee2ey pp 20229) 


Harrison; Wo, Norcross, J J.; Pore; UN: “Ans Stanlley.7E.eM. 1967. 9Cireu- 
lation of Shelf Waters Off Chesapeake Bight, ESSA Professional 
Paper No. 3. 


Hersey, J. B., 1963, Continuous Reflection Profiling, V3, Chap. 4, 
The Sea, The Earth Beneath the Sea, Interscience Pub., New York, 
pp. 47-72. 


Ludwick, John C., 1970, Sand Waves and Tidal Channels in the Entrance to 
Chesapeake -Bay, Institute of Oceanography Old Dominion University, 
Tech. Report No. 1. 


McLean, James D., Jr., 1966, Miocene and Pleistocene Foraminifera and 
Ostracods of Southeastern Virginia, Virginia Department of Con- 
servation and Economic Dev., Div. of Mineral Resources, Report 
of Investigations No. 9. 


Miller, H. J., Tirey, G. B., Mecarini, G., 1967, Mechanics of Mineral 
Exploration, American Society of Mechanical Engineers, Underwater 
Technology, Conference, 1967. 


Moore, D. G., and Palmer, H. P., 1968; Offshore Seismic Reflection Sur- 
veys, in Civil Engineering in the Oceans, ASCE, pp. 780-806. 


Nelson, Eric G., 1969, Foraminiferal Faunas and Depositional History 
from Cores at the Entrance to Chesapeake Bay, unpublished manu- 
script, Virginia Institute of Marine Science. 


Nelson, Eric G., and Meisburger, E. P., 1972, Holocene Sedimentary 
Facies in Chesapeake Bay Entrance, [abs], GSA Southeast Section 
Annual Meeting. 


Oaks, Robert Q, 1964, Post-Miocene Stratigraphy and Morphology, Outer 
Coastal Plain, Southeastern Virginia PhD dissertation, Yale Univ. 
also Tech. Report #5, under Contract NONR 690(40) Task Order ; 
NR 388-064, Geog. Br. ONR. 


Oaks, Robert Q. and Coch, Nicholas, K., 1963, Pleistocene Sea Levels, 
Southeastern Virginia, Science, V140, N 3570, pp. 979-983. 


60 


Richards, H. G., 1967, Stratigraphy of Atlantic Coastal Plain Between 
Long Island and Georgia - Review, American Assoc. Petroleum 
Geologists. Bull. V51, N12, pp. 2400-2429. 


Rogers, Wiley S. and Spencer, R. S., 1968, The Pleistocene Geology of 
Princess Anne County, Virginia, Southeastern Geology V9, Issue 2. 


Ryan, J. Donald, 1953, The Sediments of Chesapeake Bay, Maryland 
Department of Geology, Mines and Water Resources, Bull. 12, 120 pp. 
18 plates. 


Sinnott, Allen and Tibbitts, G. Chase, Jr., 1957, Subsurface Correlations 
Based on Selected Well Logs from the Eastern Shore Peninsula, 
Virginia, Virginia Div. of Mineral Resources. Mineral Resources 
Circular No. 6. 


Sinnott, Allen and Tibbitts, G., 1954, Summary of Geology and Ground 
Water Resources of the Eastern Shore Peninsula, Virginia, 
Virginia Dept. of Conservation and Development, Div. of Geology 
and Mineral Resources, Circular No. 2. 


Sinnott, Allen and Tibbitts, G. Chase, Jr., 1956, Records of Selected 
Wells on the Eastern Shore Peninsula, Virginia. Virginia Dept. 
of Concervation and Development, Div. of Geology and Mineral 
Resources, Circular No. 3. 


U. S. Coast and Geodetic Survey, 1967, Tidal Current Tables, Atlantic 
Coast of N. America, U. S. Dept. of Commerce, ESSA, Washington, 
Do Go 


U. S. Coast and Geodetic Survey, 1971, Tide Tables, East Coast of North 
and South America, U. S. Dept. of Commerce, ESSA, Washington, D. C. 


6| 


piretaie. Syed: D : La latoraneécnee By aM tie pee: : 
peony Afett f0 engnot a tite [Oa Ro oghcinunt Rawae pheek . 
\Nosmekotee9 ! bovthy des brsmA lay val Gel Ree EN eD ‘a 
TODR OOS eR OAN ake) Aaah,” 
Merri vee, WS, me Tere Py ae ci Cera Cod ral lle 
nety ta He Ses Nab Fetsrairk pteonaga ha . ® 
,) weed), pidis ibis coearaaarnth isinieleneh ans stent 


vaner Ng. dee 


xiaanitetaTrg?: seghetedaeuoue oes BE 
‘eedieninbicotede peceracp ent 
secs i ‘icing Bg she z he 


‘ibe eae OES te OR 

cake ee eho 

sauericm a canine eae — a hat 
fenoni bax A ee . 


CLASSIFIED 


Security Classification 


DOCUMENT CONTROL DATA-R&D 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified 


1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 


Coastal Engineering Research Center (CERC) 
Corps of Engineers, Department of the Army 
Washington D 016 


GEOMORPHOLOGY AND SEDIMENTS OF THE CHESAPEAKE BAY ENTRANCE 


4. DESCRIPTIVE NOTES (Type of report and inclusive dates) 


5. AUTHOR(S) (First name, middle initial, last name) 


Edward P. Meisburger 


6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS 
ne Q 64 


8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBER(S) 


Fonoeest Ne Technical Memorandum No. 38 


9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 


10. DISTRIBUTION STATEMENT 


Approved for public release; distribution unlimited. 


11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Coastal Engineering Research Center 
5201 Little Falls Rd., N. W. 
Washington, D. C. 20016 


13. ABSTRACT 


The entrance of the Chesapeake Bay and the Atlantic Ocean in the vicinity of Cape 
Charles and Cape Henry were surveyed to study the bottom morphology and sediments, 
and subbottom structure, in an effort to locate suitable sand deposits in volumes 
great enough to economically restore and periodically nourish the shore. Seismic 
reflection profiles and sediment cores were the basis for the study. Field and 
laboratory techniques used for the profiles and sediment obtained from the sea 

floor in lower bay and ocean are presented. Most of the study area is less than 

35 feet deep; distribution of shallow bay and inshore terraces and deeper water are 
shown in the figures. The study included analyses of borings taken along the route 
of the Chesapeake Bay Bridge Tunnel by the Bridge Commission in 1960 and 1961. Cores 
obtained for a dredging study by the Norfolk District, Corps of Engineers, 1970, were 
made available and were used in the study. 


DD ,"2%..1473 Sscoccra ron anuy usc. cn UNCLASSIFIED 
; ‘Security Classification 


UNCLASSIFIED 


Security Classification 


hesapeake Bay Entrance 
eomorphology 

Sediments 

Artificial Nourishment 
Sand Sources 

Seismic Profiling 


UNCLASSIFIED 
Security Classification 


‘spore Zaqemdoap pue Aeq MOTTeYS ‘oLOYSUT 9Y} UT SUOT}BDOT 9deII9} 
rojemZapun moys saan8ty “Apnys 9y} OF stseq ay} 919M SaLOD JUeUTpas 
pue saytfoad uot,eTFeL DtuStag ‘JUoWYsTamou s1oYs atqrssod s1oF 
sjtsodep pues eTqeiins a}ed0]T 03 94njdNIYs woJIOGGNS puke sjUdUITpas pue 
ABoToydzow woz0q ay Apnys 03 pakoarns atom AyTUTOTA ATuey adey pue 
saptaeyg ode ay2 ut ueadQ OTIULTIY oY pue sdUeIqUq Aeg ayeodesay) oUL 


GaIAISSVIONN 8£ “ON WNGNVYOWSW TVOINHOSL 
‘q’q ‘atasaingstow 
aTIIL ZL6I1 eune *sextpueddy 
JuUaWwYs TINON ¢ pue ‘saduarazoy cE *soun3ty OL SUTpN[OUT 
TeTOTF Ty seBed 99 ‘1e3inqstew ‘dq pxempy Aq JONVULNA AVE 
S}ZUSUTPIS ANVAdVSSHD SHL AO SLNAWIGSS GNV ADOTOHdYOWOSS 
AB0Toydtouo0ay 
aouerzUug 91002 °9°d ‘NOLONTHSVM 
keg ayeodesay) "dD ‘WdINIO HOUVESTY OYONA TVLSVOO AWYY “SN 


*spoie Iaqemdoop pue Aeq MOTTeYS SaLOYSUT dy} UT SUOTIBDOT 9de1I9q 
Zajemiapun moys sain8t4y ‘Apnys ay. IOF stseq ay} 919M SaIOD JUauTpas 
pue settzord uorje[ Fat Dtwstas ‘quawystTInou a1oys atqrtssod 10F 
sjtsodap pues o[qeqins a4ed0T 0} 91n}dNIZs wWOJOGGns puke sjUaUTpas pue 
ABoToydzow woz30q ayy Apnys 03 padkanrns atom Aztutsta Aruay odepj pue 
sotaey) edeg ay. ut ueadQ ITIUeTIy 942 pue sdUeIqUyA Aeg ayRadesay) oYL 


GdISISSVIONN g¢ “ON WNGNVYOWSW TVOINHOSL 


‘d'g ‘xesingstow “II 

OTT ZL61 eun¢ *sextpueddy 
JuswWYySsTINON ¢ pue ‘sadueleyzay Ze ‘sain3ty 9[ Butpnpout 
TeTOTFTIA1y seBed 99 ‘1a8inqstew *q pxrempy Aq FONVULNA AVE 
squawtpas AAVAdVSSHD SHL 3O SLNAWIGAS GNV ADOTOHdYONOSD 

ABoToydrowoag 
aur rug 91002 ‘O°d ‘NOLONIHSYM 
keg ayeodesay) "dO ‘YALNIO HOUVASSY OYONA TV.LSVOO AWYY “S‘N 


‘seote tojemdoap pue Aeq MOTTeYS SA9TOYSUT dy} UT SUOT}eEIOT 9deII9} 
Zajemiapun moys seinsdty ‘“Apnys oy} TOF stseq ay atam satod JUaWTpas 
pue soptzord uotqeTFor Itwstag “JUuauYySstImou oLOYS aTqrssoa LOZ 
sjtsodap pues aT qeqIns 9}2eD0T 02 AaLN}9NIIS WOJOGGNs pue sjUsUITpes pue 
ABoToydirow woz}0q ayy Apnys 02 pakaamns a1am AZTUTITA ALuaH ade’) pue 
satzeyg adej ay} ut ueadQ DTJUeTIY 2Y42 pue edueIqUq Aeg oyeodesay) oy] 


(AHISISSVIONN 8 “ON WNGNVYOWSW TVDINHOFL 
‘d°gd ‘1aBinqstay “II 
eTItL “I ZZ61 eune ‘sextpueddy 
quowystinon ¢ pue ‘saduatayay 7¢ ‘saan3ty 9[ Butpntout 
Tetotgtqzy “p sased 99 “radinqstaw “qd pzempg Aq JONVYLNA AVE 
squsutpss ~¢ YXVddVSIHO SHL JO SLNAWIGSS ANY ADOTOHdYOWOTD 
ABo0Toydirowoey «= +z 
aouer}uq 91002 °D°d ‘NOLONIHSWM 
keg ayeadesayy “1 “49 ‘WaLNAD HOUVASHY OYONT IVLSVOD AWUY “Sn 


*svaie taqemdaap pue Aeq MOTTeYS “aLOYSUT ay} UT SUOTIeIOT VdeILaz 
IoyeMIapun moys soin3ty “Apnys ay. LOZ stseq oy aLeM SaLOD JUdUITpas 
pue sattfoid uot.e[ FoI Itwstoag *usuYystInou aroys atqrssod 105 
sitsodop pues atqejins a}ed0T 0} 94N}INIIS wWOIJOGGns puke sjUdUITpas pue 
ABotToydrow wor.0q ay Apnys 02 padkaArns arom AjTUTITA Axuayy aden pue 
satszey) adej ay. ut uvacdg ITJURTIY 24 pue sdUeIqUy Aeg oyeadesoy) ayy 


GHISISSVIONN 8£ “ON WNGNVYOWSW TVOINHOSL 
“d°q ‘do8inqstow “I] 
STIL «1 ZL6I eunr “sextpueddy 
quowystinoy ¢ pue ‘soduetazay 7g ‘saan3ty 9[ BuTpnpout 
Tetotstizy “p sosded 99 ‘rodingstaw “dq paempg Aq JONVULNA AVA 
SJUSUTPSS —¢ AXVAdVSSHD AHL dO SLNAWIGHS GNV ADOTOHdYOWOSD 
ABo0Toydiowoag §=*Z 
9ouer Ug 91002 ~9'd “NOLONIHSVM 
Aeg ayeodesoyy ‘| “dD “YALNAD HOUVASTY OYONA TVLSVOD AWYV ~S'N 


i 
& i 
e 
; ‘ 
’ rn 
; ied) 
= vi 2 y) 7 
Bal ‘ y et r. : 
Yo Bae 
Mos : iA ty fi 
' a er GA 
: is ae ron 


iy Ji iy! 
pn ts Ser eS | ae 
7 4 as ie 


1 ya ao i, A 


‘spore Ioqemdoap pue Aeq MOTTeYS “ALOYSUT 94} UT SUOTIBDOT 9deIIA} 
Zajemiopun moys soin3ty “Apnqs ay} IOF stseq ay} 919M SaLOD JUeUTpaS 
pue sattzoad uotzdeTJFetl OQtwsteg ‘*juewystinou a1oys atqrssod 10; 
sitsodap pues afqedins aed0T 0} ainjOMNIjs wo JOQGqGnNs pue sjUaUTpes pue 
ABoToydiow woj30q ay Apnys 03 pakaaans atem AYTUTITA ALUaH adeD pue 
soeTzey) adej oy. ut uracg ITQUeTIY 94. pue sdUeT UY Aeg ayeadesay) ayy 


*d'g ‘rosanqstow 

eTITL 
quowysTInoN 

Terotjtiy 

squauTtpes 

A80Toyditowoa9g 
aouertqUuq 

keg ayvodesay) 


GaISISSVIONN 8£ “ON WNGNVYOWSW TVOINHOAL 
Sil 
Hl . @Z61 eune > sax tpuoeddy 
¢ pue ‘saduatasay Zo ‘sean3ty 9[T Sutpnptout 
*p seBed 99 ‘1e8inqstew *q ptempy Aq JONVYLNA AVA 
of ANVddVSSHO SHL dO SLNSWIGAS GNV ADO'TOHdYOWNOSD 
uC 
91002 ‘9°d ‘NOLONIHSVM 
“90 “YFLNID HOUVASHY OYONA IVLSVOO AWUV “S'N 


*seaie Iajzemdaap pue Aeq MOTTeYS ‘9LOYSUT 94} UT SUOTIBDIOT 99eI119} 
Iajemiepun moys sain3ty “Apnys ay. OJ stseq ay} 91AM Sa10D JUaUTpas 
pue sattzord uotzIeTJoLI Dtustag ‘*JUaMYSTINOU e10Ys oTqtssod 10; 
sitsodap pues a[qeqIns 93e507T 0} 91njdnN1I}s WOOGGnNs puUe sjUsWTpss pue 
ABoToydiow wor0q ayi Apnys 032 pakanans atam AZTUTITA ALuay adey pue 
soTiey) odej ay} ut ueadQ9 ITUeTIy 94} pue sdUeITqUA Aeg ayeadesayy oul 


‘dq ‘iasaingstow 
OTFIL 
quowystinoy 

Tetotstiiy 
S.uoUTpas 
ABo0Toydi1owoayg 
aouerqUug 

Aeg oyeadesay) 


GdIdISSVIONN g¢ “ON WNGNVYOWSW TVDINHOAL 
Te 
aa] 7Z61T 9une - saxtpuaddy 
¢ pue “sadualayay Ze “soin3ty OL SuTpN{[ UT 
"p seabed 99 -1a8inqstew *q pxempy Aq FONVULNA AVE 
ets AAVAdVSSHO 3HL AO SLNAWIGAS GNV ADOTOHdYONOSD 


91002 °9°d “NOLONIHSVM 
“dD “YHILNdD HOUVESTY OYONA TVLSVOO AWYV “S’N 


“seote Iajemdaap pue Aeq MOTTeYS ‘9LOYSUT 94} UT SUOTIRDOT adeIIAq 
Jayemiapun moys seindty “Apnjs ayi IoF stseq ay} atem saitod JUeWIpes 
pue sattzord uorjdaT Far Itwstag ~“jUewYstimoU oLoYs aTqtssod IoFz 
sitsodap pues atqejins aqed0T 02 ainjoNI3s wo JOQGqns pue sjUauTpas pue 
ABoToydiow woiI0q aya Apnis 03 pakaardns atom AytuTITA Atuay ode’) pue 
seTzeyg edey ay ut uessQ 9TIUeTIY ay? pue soUeIIUq eg ayeadesayy) ou 


‘d'g ‘atadaingstoay 

aTITL 
quowysTinoy 

Terotytiay 

squautpas 

AB0Toydrowo0ay 
aouer Ug 

keg ayeoadesayy 


(aIdISSVIONN 8£ “ON WNGNVYOWSW TVOINHOAL 


melalr 


ZZ61 oune¢ ‘soextpueddy 

¢ pue ‘saouetezoy 7g ‘Sain3ty 9, Butpntout 
seBed 99 “rodanqstew “dq pxempy Aq JONVULNA AVE 
ANVAdVSHHD AHL 4O SLNAWIGAS GNV ADOTOHdYOWOSD 


91002 °9°d ‘NOLONIHSVM 
“dO “YdLNED HOUVESHY OYONT TvLSVOO AWYV “S‘N 


‘steie Jajemdaap pue Aeq mOoTTeYS ‘atOYsUT dy} UT SUOT}RDOT adeII9I 
Loyemiopun moys seinsty -“Apnys ay. OF stseq ay} o10M satod JUaUTpas 
pue sottford uorqde[ Jor ItwWstag *juauYySstinou azoys atqtssod 10F 
sitsodop pues atqeqins 93890] 02 94n}dNI}s woOIOqGqns pue sjUaWTpes pue 
Adotoydiow woiI0q aya Apnqs 02 paXkaarns otem AzTUTOTA Arua} adey pue 
seTzey) aedej yi ut ueacQg D1UeTIY ey? pue sdUeIQUq Aeg ayeadesay) ou 


‘d'g ‘radingstay 
OTItL 
juowYsTInoN 

Te rotzti4y 
sqUusUTpas 
A80Toyd1owo0ay 
aouelqUuq 

Aeg oyeodesay) 


GHIAISSVIONN 8£ “ON WNONVYOWSW TVIINHOAL 

“Il 
ZL6T oune ‘soxtpuaddy 
¢ pue ‘saduetezoy 7g ‘saan8ty 9, BuTpntout 
sa8ed 99 “radinqstow “q piempy kq FONVULNA AVE 
ANVAdVSHHD AHL AO SLNAWIGAS GNV ADO TOHdYOWOAD 


91002 °9°d ‘NOLONTHSYM 
“dD “YALNED HOWVASTY OYONT TVLSVOO AWYV °S‘N 


nL TY 8 8 | 
Ho ha 


lave a 


(ae 
| 7) ae ; 
( vise 


